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ABSTRACT 
 
Attempts are made to identify novel materials for the mass production of entomopathogenic fungi, Metarhizium 
anisopliae (Mets.) which are extremely cheap and can be used as alternative media components. Wheat bran, rice 
bran, tamarind extract and milled rice have been tested as cheap growth media. Among the five different media 
tested, highest wet and dry biomass of 25.2±0.13g/100ml and 1.15±0.1 g/100ml was recorded for the milled rice 
medium whereas the least was observed for rice bran medium. Significant differences in conidiospore production 
were observed for the different cheap media. Tamarind solid media recorded the maximum spore count of 27.8 
x104 spores/ml. The viability and spore count was higher in the solid media compared to the broth media. Cheap 
media and low-tech mass production methods have to be developed so as to supply the fungal pesticides at an 
affordable cost. 
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ABSTRAK  
 
Percubaan dibuat untuk mengenal pasti bahan-bahan baru untuk pengeluaran besar-besaran kulat 
entomopathogenic, Metarhizium anisopliae (Mets.) Yang amat murah dan boleh digunakan sebagai komponen 
media alternatif. Dedak gandum, bran beras, ekstrak asam jawa dan beras gilingan telah diuji sebagai media 
pertumbuhan murah. Antara lima media yang berbeza diuji, biomas basah dan kering tertinggi 25.2 ± 0.13g / 
100ml dan 1.15 ± 0.1 g / 100ml dicatatkan bagi medium beras gilingan di mana sebagai yang paling diperhatikan 
untuk sederhana bran beras. Perbezaan yang signifikan dalam pengeluaran conidiospore diperhatikan untuk 
media murah yang berbeza. Media pepejal asam jawa mencatatkan jumlah spora maksimum 27.8 x104 spora / ml. 
Daya maju dan spora kiraan adalah lebih tinggi dalam media pepejal dibandingkan dengan media sup. Media 
murah dan kaedah pengeluaran besar-besaran berteknologi rendah perlu dibangunkan bagi membekalkan racun 
kulat pada kos yang berpatutan. 
 
Kata Kunci: Media murah, Conidiospore, kulat Entomopathogenic, Metarhizium anisopliae (Mets.). 
 
 
 
INTRODUCTION 
There are diverse species of entomopathogenic fungi, which are natural enemies of insect pests with lots of 
potential for use as effective microbial pesticides (Eilenberg et al., 2001; Hajeck et al., 2005). These fungi could be 
introduced into the environment even in the absence of their hosts and they will persist and infect their target 
once the hosts immigrate into the treated area (Bruck, 2005). The fungal pathogenesis includes adhesion of 
conidia to the body surface of the insect, subsequent germination of the spore, mycelial penetration of the cuticle 
and invasive growth of hyphae (Clarkson and Charnley, 1996; Padrini et al., 2007). The conidium that first 
adheres to the insect cuticle is the infective propagule that grows traversing it through hydrophobic mechanisms 
(Kamp and Bidochka, 2002). Fungi are better biocontrol agents of insects than other entomopathogens such as 
bacteria and viruses, which must be ingested to be effective (Quesada-Moraga , 2008). 
The successful development of mycopesticides involves the selection of suitable fungal strain, culture 
medium and formulation. The development of a comparatively simple common technology for the mass 
production of entomopathogenic fungi remains evasive (Gouli et al., 2013). The use of mycopesticides in 
developing countries is limited due to their high cost, mainly incurred in the mass production of virulent fungi. 
An ideal entomopathogenic fungus should produce large quantities of inocula at a low cost with desirable 
virulence characteristics and be compatible with formulation and application technology (Jenkins et al., 1998).    
Jackson et al. (1997) suggested developing better technology for production of virulent and highly persistent 
fungal propagules with improved shelf life, virulence and field efficacy through formulation processes that are 
cheap. Some of the cheap agricultural wastes and byproducts successfully used already as substrates for the mass 
production of Trichoderma sp. by solid state fermentation were grain bran (Wells et al., 1972), coffee waste (Sawant 
and Sawant, 1996), tea waste (Prakash et al., 1999), coconut water amended coir pith (Kumar et al., 2000), oven 
dried and powdered orange peel (Godwin – Eglin and Arize, 2000) and shelled maize, cob powder and black  
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gram shell powder (Gandhikumar et al., 2001). A very effective broad spectrum entomopathogenic fungus, 
Beauveria bassiana (Bals.-Criv.) Vuill had been cultured on bran (Goettel, 1984), rice powder, compost, ground 
corn (Hussy and Tinsley, 1981), whole pea grain (Shashi et al., 1999) or preserved cadavers of the hosts (Luz and 
Fargues, 1998). The substrates used for the mass production of Verticillium  lecanii were almond mesocarp 
(Lopez-Liorca and Carbonell, 1998), rice, rice bran, rice husk and mixture of these components (Feng et al., 
2000), sorghum, pearl millet and maize (Lakshmi et al., 2001), sugar beet molasses (Farsi et al., 2005) and refuse 
raw potatoes and bananas (Thakre et al., 2011). Jitendra et al. (2012) reviewed the utility of grains such as rice, 
wheat, pulses and maize for preparing nutrient broth and solid media obtained from carrots, bhendi, jack seeds 
and rice husk for the mass production of Metarhizium anisopliae (Mets.) and Verticillium lecanii (Zimmerman). Jyothi 
et al. (2013) employed economical substrates such as broken wheat and its bran, broken rice and its bran for the 
multiplication of Cochliobolus lunatus Nelson and Haasis and Alternaria alternate Keissl. 
Metarhizium anisopliae (Metschinikoff) Sorokin, is used for controling a variety of insects that cause 
important economic losses in agriculture (Frazzon et al., 2000; Lord, 2005). M. anisopliae is abundant in 
agricultural field soils, but infrequent in soils of more natural habitats (Bidochka et al., 1998; Chandler et al., 1997; 
Meyling and Eilenberg, 2007; Vega et al., 2009) and its pathogenic mechanisms are relatively well understood 
(Clarkson and Charnley , 1996). Basic studies related to in vitro sporulation of M. anisopliae necessary for 
improving both fungal biomass production and biocontrol efficacy are conducted on agar plates, where the 
production of spores is not enough to prepare a mycopesticide. Hence it is necessary to design cost-effective 
culture techniques that would yield a higher output of fungal biomass and spores, mainly to cater to the needs of 
marginal farmers in developing countries as commercial mycopesticides are too expensive for the common ryots. 
Cost reduction is achieved by the use of cheap culture media in the place of costly conventional media. A 
systematic investigation on the mass production of M. anisopliae conidiospores on different cheap substrates is 
important and this study explores the use of locally available cheap organics on the mass culture of M. anisopliae. 
 
MATERIAL AND METHODS 
Microbial culture and preparation of conidial suspension 
Pure culture of Metarhizium anisopliae (Mets) Var Sorokin was obtained from the Institute of Microbial 
Technology (IMTECH) Chandigarh, India. The spores were transferred from pure culture slants to PDA in 
petriplates. A conidial suspension containing detached spores was prepared from the sporulated culture by 
flushing 10 ml of sterile distilled water on the fungal bed. The suspension was collected in a conical flask using a 
microaspirator in a laminar air flow cabinet, gently agitated in a shaker to make it homogenous and used as the 
seed material for mass production of M. anisopliae. 
Potato dextrose broth for the sub culture of spores 
Potato dextrose for the sub culture of conidiospores, was prepared by boiling of 250 g good quality potatoes in 1 
litre of distilled water till the potatoes were soft. The cooked potatoes were smashed well in sterile double 
distilled water and filtered through ordinary 200µ nylon net. The volume of the extracted liquid was made up to 
1.5 litres with distilled water and 20g of anhydrous dextrose were added and sterilized under pressure for 30 
minutes. After cooling, the sterilized medium was poured into sterile rectangular virgin plastic trays with tightly 
fitting lids (500 ml capacity) and inoculated with 5 ml of M. anisopliae spore suspension and incubated at 26°C for 
8 days. Spores obtained from this mass culture system were used for further experiments. 
 
Conidiospore production on solid media 
M. anisopliae were cultured in different solid media – mashed potato dextrose, tamarind, wheat bran, rice bran and 
milled rice. For laboratory cultures, 200g of the solid medium was mixed with 2 lit distilled water, 20.0 g 
anhydrous dextrose and 30 g agar. The growth media were boiled in a large glass vessel and sterilized in an 
autoclave. After cooling the sterile growth medium was poured into 500ml UV- sterilized shallow plastic trays 
and allowed to solidify. The solidified media were separately inoculated with 1ml of diluted conidial suspension 
containing 1×107 conidia/ml and were incubated at room temperature in a cabinet for 14 days. 
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Conidiospore production on liquid media 
Five types of broth were prepared separately with potato, tamarind extract, rice bran, wheat bran and milled rice. 
Exactly 200 g of each substrate and 20 g of anhydrous dextrose was added to 2 L distilled water. The mixture 
was boiled and sterilized under pressure for 30 minutes. The broth taken in a sterile 1 L conical flask was 
inoculated with 10 ml of diluted conidial suspension in laminar airflow, plugged with cotton and incubated at 
room temperature inside a cabinet for 14 days. 
 
Assessment of dry and wet biomass 
To quantify biomass production of M. anisopliae in nutrient broth, the fungal spores along with the bed were 
carefully removed from the liquid culture after 15 days of incubation dried in hot air oven at 45°C and weighed. 
For solid media, the fungal body was carefully removed from the plate and weighed after removing substrates 
adhering onto the fungal biomass. The quantified wet fungal biomass was oven dried at 40-45°C (Derakhshan et 
al., 2008) and weighed in a sensitive Schmidsu electronic balance (LC: 0.001 g) and the dry biomass was 
quantified. 
 
Viable cell count 
In any type of culture, the colony forming units (cfu) were determined by spreading 10 µl of serially diluted 
conidial suspension (10-7 to 10-9) on petriplates containing a thin layer of potato dextrose agar medium (Alves et 
al., 1998) and the number of colonies produced after 2, 3, 4, 5, 6 and 7 days of incubation were counted.  
 
Assessment of spore production 
Spore production in the different growth media was determined after about 15 days of incubation by flushing the 
culture media with 2.5 ml of sterile, deionized water, and rubbing the culture with a sterile spatula to detach the 
conidia, and subsequently filtering through a double layer of cheese cloth to remove large mycelial masses. 
Conidial concentration was determined with a haemocytometer and expressed as number of conidia per milliliter 
of sample (Wyss et al., 2001). 
RESULTS 
The wet biomass of M. anisopliae after 14 days of incubation was highest in milled rice substrate (25.2±0.13 
g/10ml) and the lowest in rice bran (16.1±0.16) (Table 1). The highest conidiospore count of 20.2 and 27.8 x104 
conidia/ml was recorded in both liquid and solid tamarind media, respectively (Table 2). This was followed by 
non-synthetic potato dextrose (18.4 and 26.1 x104) and the lowest was for milled rice (14.1 and 24. x104). 
Maximum number of viable spores was recorded in tamarind extract after 7 days of incubation (42.2 x107 cfu/ml) 
and the least for milled rice (29.4x107). No significant difference was observed in the thickness of mycelia in the 
different media. 
 
DISCUSSION 
High spore production of entomopathogenic fungi in cheap substrates is ideal for the development of 
mycopesticides. According to this laboratory study, milled rice liquid seemed to be an excellent medium for 
producing maximum fungal biomass. Wheat bran, potato dextrose and tamarind extract also supported growth 
and sporulation of M. anisopliae. Biomass production was the least for rice bran. In a similar study, Derakhshan et 
al. (2008) reported that molasses yeast broth produced maximum biomass of M. anisopliae (746 mg/100 ml) 
followed by potato sucrose broth (573 mg/100 ml) and potato carrot broth (563 mg/100 ml). Spore production 
was significantly higher in 4-6 percent molasses and the study of Tincilley et al. (2000) showed that 6 percent 
sugarcane molasses was ideal for mass production of Nomuraea rileyi (Farlow) with the highest biomass and spore 
production. The findings of Wadyalker et al. (2003) reported the efficacy of Emerson’s Yeast Phosphate Soluble  
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Starch (YPSS) medium for maximum biomass production (480 mg/100 ml) in M. anisopliae, followed by potato 
dextrose broth (450 mg/100 ml). 
 
Table 1: Biomass production of M. anisopliae in different growth media (in g/100 g media) 
Media 
Liquid Phase Solid Phase 
Wet biomass Dry biomass Wet biomass Dry biomass 
Initial Final Initial Final Initial Final Initial Final 
Potato 
dextrose 
7.05a 
± 0.23 
21.8a 
±0.32 
0.22a 
±0.01 
0.87a 
±0.08 
2.82a 
±0.01 
15.78a 
±0.13 
0.14a 
±0.08 
0.61a 
±0.01 
Milled rice 7.49
a 
±0.16 
25.2b 
±0.19 
0.31 b 
±0.08 
1.15b 
±0.01 
2.82a 
±0.03 
17.12b 
±0.13 
0.17b 
±0.008 
0.66a 
±0.008 
Wheat bran 7.14
a 
±0.21 
22.3a 
±0.19 
0.28c 
±0.08 
1.06c 
±0.04 
2.54b 
±0.03 
14.32c 
±0.13 
0.15a 
±0.01 
0.62a 
±0.01 
Tamarind 5.52
b 
±0.33 
19.26c 
±0.21 
0.20d 
±0.08 
0.75d 
±0.08 
2.32c 
±0.04 
13.4d 
±0.15 
0.11c 
±0.01 
0.62a 
±0.01 
Rice bran 3.96
c 
±0.24 
16.1d 
±0.16 
0.13e 
±0.07 
0.67e 
±0.01 
1.91d 
±0.02 
11.36e 
±0.11 
0.05d 
±0.008 
0.43b 
±0.01 
      Means followed by the similar letter in columns are not significantly different (Tukey Test) 
Table 2: Spore production and viability of M. anisopliae cultured in different growth media 
Media 
Conidiospore Count 
(×10 4Spores/ml) 
Viability of spores 
(×10 7CFU/ml) Thickness of 
bed (in cm) 
Liquid Solid Liquid Solid 
Potato 
dextrose 18.4
a 26.1a 39.6a 44.6a 0.74a 
Milled rice 14.1b 24.2b 29.4b 31.8b 1.22b 
Wheat bran 18. 1a 25.8ab 36.4c 41.2c 1.02c 
Tamarind 20.2c 27.8c 42.2d 47.4d 0.68d 
Rice bran 16.9d 24.7b 32.4e 35.2e 0.34e 
Means followed by the similar letter in columns are not significantly different (Tukey test) 
Mycelial growth and production of conidia increased significantly with increased time of incubation and 
the fungus covered the entire surface of the plate when incubation time was extended up to 16 days. Solid media 
seemed to be ideal for maximum conidiospore production. Tamarind and milled rice solid media respectively 
produced 27.8 and 24.2× 104 conidiospores / ml, while in the corresponding liquid culture media, the spore 
formation was less by 37.6 and 71.6 percent respectively.  Yang et al. (2003) reported that solid media containing 
stillage grains and wheat bran decreased the growth rate of Ganoderma lucidum (Curtis) P. Karst., while Tiratana et 
al. (1991) stated that the liquid rice bran, ground corn and ground sorghum have provided the best mycelial  
growth and yield of Ganoderma lucidum (Reishi). In contrary, Jyothi et al. (2013) reported least growth of C. lunatus 
and A. alternata in rice bran medium supplemented with yeast extract, as it produces less conidial mass. 
The high conidial production and better spore viability in tamarind medium is due to the nutritional 
quality of tamarind fruit pulp, rich in tartaric acid, citric acid, vitamin-C and sugars (Nyadoi and Abdullah 2004). 
Moore - Landedecker (1972) triggered spore germination by adding inorganic ions, carbohydrates, amino acids, 
lipids and vitamins to the medium under laboratory conditions. Both solid and liquid mashed potato media 
supported the production of more spores in M. anisopliae. According to Trindade (1994) reported that nature 
refusal potato medium contained amino acids such as lysine, methionine and cysteine and several growth 
promoting minerals that contributed to the higher mycelial growth. 
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Wheat bran also supported enhanced conidiospore production achieved higher spore yield in 
Coniothyrium minitans Campbell using wheat bran as the sole substrate and recorded a production of 9.5 × 109 
spores per g dry matter after incubation for 7 days (Xin et al., 2004). Study of Sahayaraj and Namasivayam (2008) 
reported the efficacy of vegetable wastes, seeds, rice husk, saw dust and liquid media such as coconut water, rice 
and wheat washed water and rice cooked water for the mass production of three entomopathogenic fungi, 
Beauveria bassiana Balsamo, Paecilomyes fumosoroseus Wize and V. lecanii and concluded that wheat supported 
maximum spore production in B. bassiana (11.76 × 108 spores/g). 
Soybeans, maize kernels and wheat bran as substrates in solid state fermentation (SSF) for conidial 
production and viability in Penicillium nalgiovense Link was reported by Ludeman et al. (2010) and found wheat bran 
to be the ideal substrate. Wide spread suitability of wheat bran is due to the presence of sufficient nutrients and 
its ability to remain loose even in moist conditions, thus providing a large surface area with significant buffering 
capacity for mycelia growth (Babu and Sathyanarayana, 1995). 
While optimizing spore production, spore efficacy cannot be ignored. It is possible that a medium that 
supports heavy sporulation may not be the best to assure spore quality. Therefore, optimization of spore 
production must consider the spore quality, including virulence for the intended target pest and also 
environmental stability (Jackson and Bothast, 1990; Wyss et al., 2001). Among the six different growth media 
used in this study, the spores from tamarind medium produced maximum number of viable propagules followed 
by mashed potato. Production of viable spores increased with days of incubation. Gopalakrishnan et al. (2003) 
found that Trichoderma harzianum Rafai produced 84.2×104 viable propagules on spent malt medium after 7 days 
of incubation and the highest viable propagules of 88.1×106 cfu/ml after 12 days of incubation. 
The results of this study show that biomass production, sporulation and the production of viable 
propagules are comparatively high in solid culture media. The work of Kassa et al. (2008) reported that in solid 
whey powder medium (37.5 – 75 gL-1), M. anisopliae (CA-1) and B. bassiana (CA-603 and GHA-726) produced 
relatively higher number of spores where as in the liquid media, equivalent spore yield occured only at very high 
concentrations of whey powder (62.5 – 87.5 gL-1). Wyss et al. (2001) found that white rice promoted conidial 
production of the fungus, Dactylaria higginsii (Luttrell), but the germination rate of conidia grown on white rice 
was 50 percent less compared to conidia grown on PDA. Liquid culture was considered to be the most practical 
commercial method of inoculum production (Templeton, 1992). However some fungi produce more conidia in 
liquid cultures than in solid. Fungi grow well and produce abundant conidia in liquid cultures (Schister et al., 1991; 
Jackson and Slininger, 1993; Silman and Nelsen, 1993). Roberts and Sweeney (1982) reported that conidia 
produced on solid substrate were more virulent and stable and had longer half-life than conidia obtained from 
submerged cultures. 
Large scale applications of entomopathogenic fungus for pest management in natural habitats require 
development of appropriate mass production techniques that provide large quantities of fungal spores with 
virulence and stability using simple, economic and efficient methods (Jenkins et al., 1998). The selection of media 
for large scale production of fungi should be based not only on the yield of biomass, but also on the availability 
and cost of the medium ingredients. 
 
CONCLUSION 
Tamarind wastes and wheat bran are comparatively cheaper than the different commercial synthetic media. 
These cheaper substrates are convenient to handle for large scale use and labour and energy requirements are low. 
This study suggests alternate nutrient sources for the mass production of M. anisopliae to achieve high yield of 
viable fungal spores at an affordable cost by making effective use of agricultural byproducts and wastes available 
almost for free in large quantities. 
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